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It is well kno\vn that anionic resins, such as IRA-400, Dowes-r, etc., have been used 
very successfully to retain andjor separate the cations that form anionic complexes 
~itb the most common acids. Hydrochloric acid forms chloro-compleses of different 
strength xv&h the majority of cations; the behaviour of such complexes with anionic 
resins has been +dely investigated and the adsorption curves have been reported for 
nearly every element of the periodic systeml. 

Later, SMITH _ZSD PAGE” found that when some amines are dissolved in organic 
solvents that are immiscible Lvith water, they can be used to estract the anionic 
complexes of many cations from acid solutions, the behaviour of these amines being 
similar to that of liquid anion eschangers. Furthermore, long chain tertiary amines, 
such as tri-~z.-octylamine, tri-iso-octylamine, methyl-dioctylamine, etc., showed a 
good selectivity for the different cations. 

As has been pointed out elsexvhere, comparison of the dataa- published on the 
extraction of anionic complexes \vith anionic resins1 tvith that on amines, shows that 
their behaviour is generally very similar. 

Because of the great seIectivity of these amines for many cations, it seemed 
xvortkvhile to investigate the possibility of applying them to paper-chromatographic 
separations. 

Some interesting chromatographic separations were carried out by LEDERER 13-14, 

who used papers impregnated with solid anion-exchange resins; these papers Lvere 
obtained by dipping the cbromatographic paper into a colloidal form of the resin. 
WITKOWSKI ASD LEWASDOWSKI ls-17 also prepared some papers impregnated with 
ion-eschange resins ; later PETERSOS** separated uranium from bismuth \vith, ion- 
exchange papers impregnated 4th IRA-400 and IR-45, as directly furnished by Rohm 
and Haas Co. KE.MBER~~ and K~~~~~Tobtained some interesting results with a chem- 
ically modified cellulose: the papers \vere prepared from cotton fabrics that had been 
treated either 6th urea’phosphate or lvith z-aminoethyl sulphuric acid. 

Ho\rever, all these methods involve solid resins, and are sometimes rather tedious ; 

furthermore the wet strips are generally tveak and difficult to handle. It was therefore 
our aim to develop a reliable and simple method in lvhich the chromatographic paper 
xvas treated \vith an amine solution. 
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ESPEHIAIEXTAL 

Circular #kzper chromatography 

Hydrochloric acid as &ding agent 

In order to get rapid and clear results, circular chromatography was used. From 0.02 
to 0.05 ml of hydrochloric solution containing 20 to 50 tee; of cations was deposited at 
the center of a paper disc (Whatman No. I) with a diameter of about IO cm. When the 
spot was completely dry, the paper was immersed in a solution of tri-+octylamine 
(Fluka Co.) 0.2 &I in kerosene 30-50”, and after elimination of the excess of the solvent 
with warm air, it was placed horizontally on the top of a glass crystallizing dish. The 
spot was then eluted by slowly dropping the acid on the centre of the disc with the aid 
of a very thin capillary tube. When the diameter of the wet surface was 7-8 cm, the 
paper was dried with warm air and then the different elements were developed with 
their specific reagents. In this manner it was possible to separate two or more elements 
in 15-20 minutes, and to obtain many indications for a preliminary investigation. 

From the adsorption curves given in ref. 1 it can be seen that there are great 
differences in the behaviour of iron, cobalt and nickel in hydrochloric acid solutions. 
Therefore an attempt was made to separate the three elements by means of the above- 
mentioned technique using 4 IV HCl. As espected on the basis of the considerations 
mentioned above, nickel actually followed the solvent front, not being complesed by 
the hydrochloric acid and therefore not retained by the amine; cobalt gave an RF of 
0.5 because of its partial complexation, whilst iron was completely complesed and 
therefore retained by the amine at the centre of the paper (Table I)_ A blank with a 
paper not treated with the amine did not show any separation, the three elements 
being found together at the solvent front (RF = I). 

TABLE I 

SEPARATIOX OF FG+-Co”+-Ni WITH 4 _V HCI 

FcG+ 1000 0 KCNS 
C&i- <I 0.50 S-Hydroxyquinoline 
Ni 0 0.97 Dimethylglyoxime 

Thus, by means of this chromatographic procedure, it is possible to separate two or 
more elements on the basis of the indications given by the adsorption curves of the 
anionic resins, that is by eluting the spots with a hydrochloric acid solution of suitable 
molarity. As a consequence of the treatment with the amine solution, the paper 
behaves like an anionic resin film, with the advantage that it is possible to develop 
the spots as in normal paper chromatography. Thus alkali metals, alkaline earth 
metals, aluminium, rare earths, yttrium, scaudium, actinium, thorium, titanium, 
nickel, etc., can be separated from every element that gives complexeswithhydrochloric 
acid. Generally the following rule holds: RF + o when Ez --f 00, and Rp + x wheu 
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E;: i CD, where E; is ithe ck~tibution coefikient of the anionic resin, or better, the 

est~iow coeEKc5enatt a% Ithe amk. 
The separatk~ws obii-&ed! with the procedure described above are summarized 

P’an Tdak I-X; the Eg vdnes are taken! from the paper of KRAUS AND NIXLSON~, 

ch.35 Qnercetin 
chg5 S-Hydrosyquinoline 

In the same manner as far the separation of U 6+-Zr-Th (Table II) it was possible 
to qxra.ra$e U”+-Zr-TP+; iaa fact tihminm [deveIoped with hydrogen peroside) showed 
axm Ri7 v&xe of 0.235_ 

Table III Shows that the sqxuation of copper from iron and aluminium becomes 
beltten 3 tie mokxr2y cii% &e acid is inrcreased from I to r.5, in which case copper 
is more essay coq3kxed aux3 r&a&d by the amine_ 

Fe?+ 

ClD 

An 

‘. 

. 
Baa 0 0 K,Fe(CN), , 

<I s.so 0.X$? Ii,Fe(CN), 
0 o.gl8 0.9s Alizarin “. 

The separation 0% U 6+-V~+-TSf is reported in Table IV, and the separations 
tivo1rtig zinc, cobalt, maqpmse and ~mickd h Tables V-VII. 

Furthermore, C++ and ES+- can be .sepzm&ed from Al, and Fe3+ from Cr3+, with 
x-x2 N HCI; in fact tie RF vahe for Cfif and Fez+ is about zero, and that for Al 
z~aad C++ aboatt I at every wmokilty of the acid_ 

>no P KPe(CN) 6 

<r 0.38 Hydrogen peroxide 
0 o-g5 Hydrogen peroxide 
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Zn > 100 

MS+ 0 

o-33 S-Hydro~yquindline 

0.96 8-Hydroxyquincilinc 

TABLE VI 

SEPARATION OF &l--&=+-~b.I=+i(Ni) \WT’H 4 3’ HC1 

Zn 

co”-+ 

MS+ 

Pi) 

> 100 0.15 8-Hydrosyquiline 

<= o-45 8-H ydrosyquinciline 

<= 0.82 &Hydrosyquindline 

0 o-97 Dimeth>-lglyosime 

TABLE VII 

SEPARATION OF Zn-lb’+-Ni WITH .I0 iv Hci 

Element Ei R F .Ddo@r 

Zn 

M n?+ 

Ni 

> 10 

< ‘0 
0 

0.17 8-H ydrosyquindline 

0.30 SHydrosyquinoXne 

0.96 Dimethylglyoximc 

The chromatographic method described here was succes~~tused;aIlso~o.setpa 
zirconium and hafnium in spite of the difficulty of separa~g~~ese:soI~~arc~~~~, 
A solution of 8 N HCl containing 5 Oh cont. ,mO, was used as ttihtiiqg zg~en$, z&i 
quercetin as developer. This type of solution had given ~7e~~:good~seip~a~~ffacitr~s 
for Zr and Hf in the estraction with tri-x-octylamine% 3ntie~espex+imen-t~,tiaa.xkm 
and hafnium were first considered separately, and afte~vardsitoge~~.‘iT~ete~~ 
tal results are reported in Table VIII. 

TABLE VIII 

SEPARATION OF Zr AND Hf WITH 8 JV :HCI + 3 o/0 ~ZORC. mo, 

Elenrenf E;1 (jrom ref. llJ RF DCZd0f.W 

Zr >= 02g Quercetin 

Hf ( 0.01 0.80 Quercetin 

From the data given so far it is clear that :many ktereslkg &mnna~qgm@ic 
separations can be carried out by this simple ,mefhod, prostided :a SuLitaWe c&&qg 
agent can be found. 



Tetiw anmiiws~. &we, also been very successfully used to e.);tract uranium from 
su.Q&,tic::I’eaches~~-si. as only IPi- (Ez N roe), MO”+ (Ez N rooo), Zr (Ez - ZOO), and 

IF++ ((25%~ 2031 are,estracted in 0.1-1 M H&SO,. 
IB~us-~~~ie.c~omatographic method described here, it was possible to separate 

ll.F+- f%onx Fe?+,. GUI and Ni with 0 .z A& H,SO,, whilst MOO+ was separated from the 

saane~olementswith~ 0~5, AR H,SO,, as reporied in Tables IX and X. 

TABLE IS 

SEPARA~OX OF U6+ FROM Fe3+, Cu AND h’i WITH 0.2 ~13 H,SO, 

~8+ >I00 

Fe3* < 0.1 

Cu: ( 0.1 

Xii < 0.1 

0.0s Ii,Fe(CN), 

O.GG K4Fe(CN), 
0.68 Ii,Fe(CX)G 
0.97 Din~ethplglyoximc 

T-ABLE X 

sRP..~R~QT:oN OF _Mo8+ FRON Fe3-t. Cu ASD Xi WITH 0.5 A/I H&SO, 

> 1000 

< 0.1 
< 0.1 

< 0.1 

0 S-Hydrosyquinolinc 
0.85 IC,FelCX), 
0.87 Ii,Fe(CN), 
0.97 Dimetliylglyosimc 

.Uiutr&s~t3:way~U 1 a+-,, MOB+, V”+ and Zr can be separated from any other element.. 

Desccttding chrontatogra~hy 

Gmdl rreswlb lia~e~ a&o) been obtained by descending chromatography. The only 
~tS~&~ou~~~o~atorry-trials was that the eluted spots and the solvent front were 
someties; a IJittle~ iizegular This trouble occurred especially when the amount of 

. . 
m ws OOO) large;. an& the. molarity of the eluting acid too low, but it was possible 

TABLE +X1 

SEPARATION OF Feat-Co’*-Ni WITH 3 :V HCl 

Elhnrcnt E;I RR L)Cl*&+W 

100 0 K,Fe(CX), 
<I o-37 S-Hydroxyquinolinc 

0 o.s9 Dimethylglyoxime 
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TABLE XVII 

SEPARATION OF Zr-TP-Th WITH g N HCl 

E;I RF DeV.dC@r 

> 10 0.1 Quercetin 
>I 0.67 Hydrogen peroxide 

0 0.a2 &Hydroxyquinoline 

TABLE XVIII 

SEPARATION OF lY+-Vs+-Ti*+ WITH 3 N HCl 

Ea RF Deudopcr 

> 10 0.01 Ici,Fe(CN), 
<I 0.69 Hydrogen peroxide 

0 0.90 Hydrogen peroxide 

Finally, as can be seen in Table XIX, a good separation of zirconium and hafnium 
was also obtained with HCl containing some HNO,. 

TABLE XIX 

SEPARATION OF Zr AND Hf WITH 8 NHCI + 5% CONC. HNO, 

Et (from ref. x1! RF Developer 

0.17 Quercetin 
0.50 Quercetin 

Sul@auric acid as elut@sg agent 

Uranium and molybdenum were separated from iron, copper, and nickel by 
descending chromatography with sulphuric acid, as show in Tables XX and XXI. 

. TABLE xx 

SEPARATION OF U6+ FROM Fe s+, Cu AND Ni WITH I M H,SO, 

EIenrcnt Eg (from ref. ad) RF Developer 

UO’ >, 100 0.1g 

Fe= 
K,Fe(CN) D 

< 0.1 0.56 K,Fe(CN), 
CU < 0.1 0.58 IIL14Fe(CN)ci 
Ni < 0.1 0.76 Dimethylglyoxime 

TABLE XXI 

SEPARATION OF Moo+ FROM Fe3+, Cu, AND Ni WITS 0.2 fil HoSO, 

Eiemerrt Eg (from ref. ‘?I RF Developer 

Moe+ 
Fe3+ 
2 

> IO00 
< 0.x 
< 0.1 

c O..f 

0.01 a-k ydroxyquinoline 
0.27 KdFe (CN), 
0.30 IC,Fe(CN), 
0.77 Dlmethyl@yoxime 
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The restits of this work show that a chromatographic paper treated with tri-n- 
oc@amine Ixhav; ; like an anion eschanger, and that many separations that are 
possible -5th the aid of solid resins or liquid exchangers, can also be achieved with 

this type of chromatography. 
1\Ioreover, this technique provides a simple and rapid methdd for the isolation 

of traces of complexed elements from large quantities of other elements not retained 
by the amine- After a hind of “stripping” of the spot with dilute nitric acid, it is 
possible to determine the isolated element quantitatively. Thus, a few ,ug of iron were 
separated quantitatively from mg quantities of nickel by filtering the hydrochloric 
solution containin g the Tao elements through a filter paper treated with tri-n-octyl- 

amine. 

Chromatographic paper treated with a liquid anion exchanger (tri-n-octylamine) 
behav~ like an anionic resin film; consequently many separations of cations that form 
anionic complexes can also be carried out by means of this new chromatographic 
procedure Many esamples are reported, among which the separation of the very 
similar elements zirconium and hafnium is of great significance. 

It is anticipated that it will be possible to isolate traces of complesed metals 
from large quantities of non-complexed elements. 
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